In this issue of Cell Stem Cell, Kokovay et al. uncover that VCAM1 expression in neural stem cells regulates adult neurogenesis. Cerebrospinal fluid-borne IL-1b upregulates VCAM1 expression, which in turn regulates the architecture of the stem cell niche, redox homeostasis, and neurogenesis.
Recent advances in the field of adult neurogenesis center on elucidating how systemic signals integrate with cell intrinsic cues to influence the division of neural stem cells. A poignant example comes from the work of Villeda and colleagues last year, where by using a heterochronic parabiotic approach, they found that blood-borne chemokines influence neurogenesis in an age-dependent manner (Villeda et al., 2011) . Bringing us one step closer to understanding how adult neurogenesis is regulated, Kokovay et al. (2012) now provide molecular insight into how vascular cell adhesion molecule-1 (VCAM1), a cell surface sialoglycoprotein and a member of the immunoglobulin (Ig) superfamily, regulates niche architecture, and as a result, neural stem cell function.
The adult mammalian brain contains two neurogenic regions, the recently renamed ventricular-subventricular zone (V-SVZ) located adjacent to the lateral ventricles, and the subgranular zone (SGZ) of the hippocampus. Kokovay and colleagues focus on the V-SVZ, where astrocytes (Type B cells, the neural stem cells) give rise to immature precursors (Type C cells, transit amplifying cells), which then generate neuroblasts (Type A cells) that migrate in chains to the olfactory bulb. The B cells, which span the full extent of the germinal epithelium, have an apical domain containing a primary cilium that navigates the ependymal cell layer (E cells) to achieve contact with the lateral ventricle cerebrospinal fluid (CSF), and a basal domain extending to the vascular plexus, where B cells contact endothelial cells (reviewed in Fuentealba et al., 2012) . En face, the ventricular surface offers a stunning view of the V-SVZ organized into pinwheels, with the B cells' primary cilia extending into the CSF, surrounded by rosettes of Kokovay and colleagues reveal that enriched VCAM1 expression on the apical endfeet of B cells plays a crucial role in maintaining pinwheel architecture, b-catenin expression, and adult neurogenesis (Kokovay et al., 2012) . While loss of polarity in the developing brain is frequently associated with premature withdrawal from the cell cycle (Lehtinen and Walsh, 2011 ), Kokovay and colleagues show that blocking VCAM1 function and the resulting disruption of V-SVZ pinwheels actually stimulates quiescent adult B cell proliferation. The progeny of these B cells then advance through the cell lineage, first to C cells, and then to A cells. Their swift progression ultimately results in a neural stem cell niche that is prematurely devoid of its fundamental players: the neural stem cells themselves. As a first step toward unraveling the molecular mechanisms by which VCAM1 maintains the adult neural stem cell niche, the authors find that VCAM1 expression colocalizes with NADPH oxidase 2 (NOX2) in the apical processes of B cells and that VCAM1 knockdown leads to decreased NOX2 expression in neurospheres, an in vitro model of neural stem cells. In a bedazzling approach, Kokovay et al. demonstrate that the artificial activation of VCAM1 with antibody-activating beads in adherent adult SVZ cultures stimulates ROS accumulation in neural stem cells, as visualized by the ROS sensor dihydroethidine. When oxidized in the presence of superoxide anions in cells, dihydroethidine forms a fluorescent signal that intercalates into DNA for straightforward quantification. Taken together, these findings support the conclusion that VCAM1 signaling helps maintain redox homeostasis in neural stem cells.
ROS in the central nervous system are notoriously associated with injury or the acceleration of age-associated neurologic disease. However, ROS can be less threatening. There is a less appreciated role for ROS involving the benefits of redox-mediated signaling, governed largely by cell type, differentiation state, and environmental signals (Drö ge, 2002) . Although the exact mechanisms by which ROS regulate neurogenesis are not fully understood, fluctuating ROS levels have been shown to fine-tune quiescent versus proliferative stem cell states. For example, the depletion of neural stem cells upon VCAM1 inhibition is reminiscent of the phenotype observed upon deletion of Forkhead (FoxO) transcription factors. FoxO3 deficiency in neural stem cells leads to increased ROS production, which triggers an initial hyperproliferation of neural stem cells, followed by their subsequent senescence (Renault et al., 2009 ). Self-renewing neural stem cells have been shown to maintain high NOX-stimulated production of ROS, and this favorable effect of ROS depends upon PI3K/Akt signaling (Le Belle et al., 2011) .
What regulates VCAM1 activity in vivo? Drawing parallels between hematopoietic stem cells and the adult neural stem cell niche, Kokovay and colleagues previously demonstrated that stromal differentiation factor-1 (SDF1) present in a gradient between the vasculature and ependymal cells promotes either motility or quiescence of neural stem cells (Kokovay et al., 2010) . However, the apical localization of B cells along the lateral ventricle suggests that B cells may be perfectly poised to receive signals from the CSF as well, as has been demonstrated for neural progenitor cells in the developing embryonic brain . Indeed, interleukin 1b (IL-1b) has previously been found to be expressed by the choroid plexus and distributed in the CSF, and the IL1 receptor is also present on B cells, suggesting that neural stem cells are equipped to respond to this signal. Kokovay et al. here demonstrate that SDF1 and IL-1b regulate VCAM1 expression, with IL-1b having a particularly robust effect. Kokovay et al. complete their story with a functional experiment demonstrating that lateral ventricle infusion of IL-1b leads to decreased proliferation of B cells, consistent with the model that CSF-borne IL-1b-mediated VCAM1 expression maintains the neural stem cell state and prevents lineage progression (Figure 1) .
Collectively, the work of Kokovay and colleagues illuminates how crucial the maintenance of niche architecture is for B cells, allowing them to sample cytokines originating from two distinct humoral sources, the CSF and blood, to integrate instructive cues for neurogenesis. Both IL-1b and SDF1 have been reported to be upregulated in the CSF upon injury or disease. These observations suggest the possibility that the vasculature and CSF actively maintain homeostatic control over damageinduced neurogenesis, so as not to prematurely deplete the brain of neural stem cells. Unraveling the full suite of cell extrinsic factors that pair with cell intrinsic mechanisms regulating polarity and cell division should spur new therapeutic advances in service of nervous system repair. 
